Introduction
Accurate estimates of protein degradation in the rumen depend upon the procurement of representative samples of digesta flowing from the rumen to the lower gastrointestinal tract. Surgically fitting animals with cannulas is the most practical method of obtaining such samples. Since only a fraction of the digesta flowing past a "T"-shaped or "simple" cannula is sampled, digesta markers are needed (Hogan, 1964) . Digesta can be partitioned into two phases, a liquid phase and a solid, or particulate, phase. A marker for each phase is necessary, since samples taken from the cannula might not contain the two phases in the same proportions as the digesta flowing past the cannula. Markers are added ingredients in a diet or integral components of the diet. Samples taken from a cannula can be analyzed for the digesta marker used, and the true digesta flowing past the cannula can be calculated with formulas proposed by Hogan and Weston (1967) . Faichney (t975) summarized the characteristics of the ideal markers as follows: "(1) it must be strictly nonabsorbable; (2) it must not affect or be affected by the G1 tract or its microbial population; (3) it must be physically similar to or intimately associated with the material it is to mark; (4) its methods of estimation in digesta samples must be specific and sensitive and it must not interfere with other analyses."
This experiment was conducted (1) to determine the effect of sampling intervals on digesta flow through the abomasum and (2) to compare chromic oxide (Cr203), indigestible neutral detergent fiber (INDF) and indigestible acid detergent fiber (IADF) as digesta markers for estimating particulate flow through the abomasum. INDF and IADF were chosen as internal markers on the basis of the work of Waldo (1972) and Van Soest (1967 Faichney (1975) .
Experimental Procedure
Three abomasaUy-cannulated Angus steers (460 kg) were allotted to each of four sampling schedules according to a randomized block design. One diet, based on corn cobs and cane molasses with supplemental nitrogen supplied by soybean meal (table 1), was mechanically fed at the rate of 303 g dry matter hourly in an attempt to maintain constant digesta flow.
The diet was formulated to contain 11.5% crude protein and 61% TDN on a dry matter basis. Treatments were sampling intervals of: (1) 24 hr, (2) 48 hr, (3) 48 hr sampled twice and (4) 72 hours. After a 5-day adjustment period, abomasal samples (200 ml) were obtained according to the sampling schedule shown in table 2.
Individual samples were centrifuged at 500 • g for 20 rain to partition digesta into liquid and particulate fractions. The liquid fraction was decanted, frozen and stored. Particulate fraction was dried in a forced air oven at 65 C for 36 hr and ground through a 1-mm screen prior to analysis.
Dual markers were used to mathematically reconstitute the samples taken through the abomasal cannula to the composition of the true digesta flowing through the abomasum. Reconstitution calculations were made according to the technique described by Hogan and Weston (1967) . Polyethylene glycol (PEG), 4,000 molecular weight, was used as an external marker for the liquid fraction. Cr203 was used as an external marker for the particulate fraction. To prevent loss of Cr203 in the feeding system, it was fed in a pelleted form (table 1) . INDF and IADF were used as internal markers for the particulate fraction.
The liquid fraction was analyzed for PEG by the turbidimetric method of Ulyatt (1964) . acontains 25% chromic oxide, 37.5% corn meal and 37.5% solka floc.
Cr203 content of the particulate fraction was determined by analysis of chromium by the atomic absorption method of Williams et al. (1962) . Both fiber markers, INDF and IADF, were determined on the diet and the particulate fraction. Subsamples (.3 g) were subjected to a 96-hr in vitro fermentation. Inoculum preparation and incubation procedures employed were those described by Tilley and Terry (1963) . After 96 hr, the contents of each in vitro tube were transferred quantitatively into a 600-ml Berzelius beaker with either neutral or acid detergent solution. The final volume was adjusted to 150 ml, and analysis of NDF and ADF was conducted by the method described by Goering and Van Soest (1970) . Feed samples were incubated in an acid-pepsin solution for 16 hr before the in vitro fermentation to simulate the exposure to acid-pepsin each abomasal sample had encountered.
Nitrogen content of the diet, liquid and particulate fractions was determined by the Kjeldahl method (AOAC, 1965 Samples were taken at 1100 hr on days 1, 2, 3 and 4 for a total of four samples. Samples were taken at 1100 hr on days 1, 3, 5 and 7 for a total of four samples. Samples were taken at 1100 hr and 1530 on days 1, 3, 5 and 7 for a total of eight samples. Samples were taken at 1100 hr on days 1, 4, 7 and 10 for a total of four samples. content of the liquid fraction was determined by the Streeter et al. (1970) modification of the Muramatsu (1967) technique.
Nonammonia nitrogen was chosen as the criterion to evaluate the effect of sampling intervals and for digesta marker comparisions. The nonammonia nitrogen flow (grams/day) was calculated as the sum of particulate fraction nitrogen flow and liquid fraction nitrogen flow minus liquid fraction ammonia nitrogen flow. The quantity of nonammonia nitrogen (grams/ day) flowing through the abomasum represents the protein, peptides, amino acids and other nitrogen-containing compounds available for digestion and absorption in the lower gastrointestinal tract.
Ruminal dry matter digestibility (DMD) and organic matter digestibility (OMD) coefficients were calculated from flow rates of dry matter and organic matter estimated with each particulate marker. The standard errors of these digestibility coefficients were used as a criterion by which to evaluate variation in particulate flow rates.
Statistical analysis was performed by analysis of variance procedures described by Steel and Torrie (1960) . Animals (blocks) were not significant and, therefore, were removed. Treatment means were compared by Duncan's (1955) multiple range test. Standard errors of treatment means were subjected to Barlett's test for homogeneity of variance as described by Steel and Torrie (1960) .
Results and Discussion
Sampling intervals did not affect (P<.05) flow of nonammonia nitrogen through the abomasum (table 3) , However, the 24-hr treatment consistently had the lowest standard error (SE), regardless of particulate marker used. There was no advantage in extending the sampling interval beyond 24 hr, nor was there an advantage in taking more than one sample per day. These results were obtained with animals fed hourly and may not apply to animals fed once or twice daily.
The quantity of nonammonia nitrogen flowing through the abomasum is influenced by (1) microbial protein synthesis in the rumen, (2) degradation of supplemental protein in the rumen, (3) nitrogen recycling and (4) endogenous secretions into the abomasum. The quantity of microbial protein synthesized in the rumen is associated with the quantity of organic matter digested in the rumen, because the energy required by microorganisms for growth is derived from the carbohydrate portion of the diet. Hume (1970) found that 12.5 g of microbial protein was synthesized per 100 g of organic matter digested in the rumen. Since only 24% of soybean meal protein escapes ruminal degradation (Merchen, 1978) , adequate ammonia should be present for microbial protein synthesis. With the breakdown of soybean meal to ammonia, losses of nitrogen can occur by ammonia passing out of the rumen via absorption through the rumen wall or passing out of the rumen with digesta to the lower digestive tract. Since ammonia levels in the rumen do not fluctuate greatly when animals are fed on an hourly basis, nitrogen recycling is low. Endogenous protein contribution to abomasal nonammonia nitrogen is minimal since the abomasal cannula is located anterior to the major gastric secretory ducts in the duodenum (Harrop, 1975) .
The aspects of nitrogen metabolism discussed above suggest that nonammonia nitrogen flow per day should be equal to or below nitrogen intake per day. Therefore, in this trial, nitrogen intake was used for comparing nonammonia flows calculated with each particulate marker. When Cr203 was used as the particulate marker, nonammonia nitrogen flow was much higher than the 140 g of nitrogen fed per day. The SE for nonammonia nitrogen flow calculated across animals for all treatments were lower for Cr 2 03 than for either INDF or IADF. However, the SE of this experiment were not significantly different according to the Bartlett's test for homogeneity of variance (Steel and Torrie, 1960) . Lower SE for Cr203 perhaps reflect the precision of chromium analysis with the atomic absorption method of Williams et al. (1962) .
Since all animals were on a constant intake, differences in ruminal DMD and OMD coefficients indicate differences in flow estimated with each marker. Rounds (1975) reported 69% DMD in the whole gastrointestinal tract of animals fed a diet similar to the one used in this experiment. Both DMD and OMD were lower and more variable when Cr203 was used to estimate particulate flow (table 4). The lower DMD or OMD with CrzO3 could have been related to a possible loss of Cr203 from the diet prior to consumption, even though pelleted Cr2 O3 was used to prevent this loss. Variability in flow estimates with Cr2 03 used as a marker have been noted by other researchers, who have concluded that Cr2Oz may not consistently flow with the particulate fraction it is intended to mark (Drennan et al., 1970; Faichney, 1975) . The results of (1) Cr203 loss from the diet prior to feeding and (2) inconsistent flow would be indicated by an overestimation of particulate flow. This overestimation would cause an inflated estimate in nonammonia nitrogen flow and a decrease in ruminal DMD or OMD similar to those found in this trial.
Estimated flow of nonammonia nitrogen was slightly higher than nitrogen intake when INDF was used as a particulate marker. SE were higher for INDF than for either Cr203 or IADF but were not significantly different. Difficulties encountered in filtering NDF may have produced more variations in INDF analysis. The DMD and OMD coefficients calculated with INDF flow estimates were higher and less variable than those calculated with Cr 203 as a marker.
Estimates of nonammonia nitrogen flow with IADF were closer to nitrogen intake than were estimates with the other markers. SE were lower than those with INDF and comparable to those with Cr2 Oz. No filtering difficulties were noted in ADF analysis. Both DMD and OMD The 24-hour treatment had a lower SE than the other treatments, regardless of particulate marker used, although the difference was not statistically significant. With the coefficients of variation generated with the 24-hr treatment, estimates were made of the number of samples needed for future experiments. As determined from a table presented by Cochran and Cox (1957) , to detect a 10% difference in the true animal mean with 95% probability, the number of samples per animal would be 3, 13 and 6 for Cr203, INDF and IADF markers, respectively. This information suggests that if a 24-hr sampling schedule were used, IADF or Cr203 would be the marker of choice. Cr203 requires a smaller number of samples per animal because of the precision with which chromium can be analyzed by the atomic absorption method, even though it tends to overestimate NAN flow. The use of IADF as a marker is further supported by the fact that IADF is an integral part of the diet and not subject to losses encountered with external markers such as Cr203. IADF may have limited use as a marker in diets containing small quantities of ADF since the accuracy of analytical techniques for IADF would be stressed.
